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ABSTRACT: The behavior of a soil regarding the dispersion and aggregation of its particles is very
important for the development of environmental and agricultural soil functions. This study was
conducted to determine how aggregate distribution and stability are impacted by land uses and
how the release of Water Dispersible Clay (WDC) relates to disaggregation in Oxisols from
subtropical Brazil. Samples from two Oxisols, collected at three depths from sites under no-tillage
(NT), conventional tillage (CT) and native vegetation (NV) land uses were shaken in 250 mL plastic
bottles for intervals up to 27 hours. The mass of aggregates was measured in five size classes
ranging from 53 to 2000 ?m. Most aggregates larger than 500 ?m disappeared during the first 7.5
hours of shaking, concurrent with an increase in WDC release and without change in soil suspension
pH and electrical conductivity, without increase in smaller aggregates. Therefore, there is no aggregate
hierarchy in these soils and the release of WDC was caused by breaking aggregates within the 500
to 2000 ?m range. Land uses affect mass of aggregates in each size class, but the aggregate stability
depends on its size, not land use.
Key words: land use, disaggregation, soil tillage, soil management
DISTRIBUIÇÃO DE AGREGADOS, ESTABILIDADE E
LIBERAÇÃO DE ARGILA DISPERSA EM ÁGUA PARA DOIS
LATOSSOLOS SUBTROPICAIS
RESUMO: O comportamento do solo em relação ao seu estado de agregação e dispersão é de alta relevância
agrícola e ambiental. Este estudo foi conduzido para determinar como a distribuição e estabilidade de
agregados são afetados por diferentes usos e como a liberação de argila dispersa em água (WDC) se
comporta em relação à desagregação em Latossolos subtropicais brasileiros. Amostras de dois Latossolos
coletadas em três profundidades em locais sob plantio direto (NT), plantio convencional (CT) e vegetação
nativa (NV)  foram agitados em garrafas plásticas de 250 mL por até 27 horas. A massa de agregados foi
medida em cinco classes de tamanho desde 53 até 2000 ?m. A maioria dos agregados maiores que 500
?m desapareceu durante as primeiras 7,5 horas de agitação, paralelamente à um aumento na liberação
de WDC sem variação nos valores de pH e condutividade elétrica da suspensão, e sem aumento na
massa de agregados menores. Portanto, não há hierarquia de agregados nestes solos e a liberação de
WDC foi causada pela quebra de agregados com tamanho no intervalo entre 500 e 2000 ?m. O tipo de
uso afetou a massa de agregados em cada classe de tamanho mas a estabilidade de agregados é
dependente do seu tamanho, não do tipo de uso.
 Palavras-chave: uso da terra, desagregação, preparo do solo, manejo do solo
INTRODUCTION
Because soil aggregates are dynamic and re-
spond rapidly to environmental changes, interest on
them as soil quality indicators is growing (Caravaca
et al., 2004; Boix-Fayos et al., 2001). In addition, the
capability of soil particles to protect organic matter
from oxidation allows to approach soils as a carbon
sink to the atmosphere (Torn et al., 1997). Land use
change caused by tree harvesting (Yanai et al., 2003)
and/or change from forest to agriculture has an exten-
sive impact on aggregation (Carpenedo & Mielniczuk,
1990; Perin et al., 2003) and carbon dynamics in tropi-
cal, acid soils (Leite et al., 2004; Zinn et al., 2005).
The lack of aggregate hierarchy (Oades & Waters,
1991) and great amount of iron and aluminum oxides
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make stability and size of aggregates from weathered
Oxisols require specific studies. In Brazil, such soils
tend to have very stable aggregates less than 2 mm in
diameter. As a result, clayey Oxisols behave like me-
dium-textured soils allowing agricultural activities such
as tillage or harvest to occur soon after raining (Buol
& Eswaran, 2000). The potential to release water dis-
persible clay (WDC) due to disaggregation is not well
known for these soils (Azevedo & Bonumá, 2004) and
such knowledge may help to better manage these soils
during changes in land use, and is important for evalu-
ating the environmental mobility of herbicides, pesti-
cides, and other xenobiotic compounds used in agri-
culture (Seta & Karathanasis, 1996; Bertsch & Seaman,
1999).
The objective of this study was to evaluate the
long-term impact of management practices on the dis-
tribution and stability of aggregates of less than 2 mm
diameter and the release of WDC during disaggrega-
tion for two Oxisols from Southern Brazil.
MATERIAL AND METHODS
The two chosen sites were located on the Sul
Riograndense Plateau, a geomorphic region developed
on the lava flows of the Serra Geral formation (Figure
1). The soil at the Santo Ângelo site was a Typic
Haplorthox developed from basaltic rocks, occupies
7.26% of the Rio Grande do Sul State and occurs at
elevations between 200 and 400 m above sea level
(a.s.l.). The climate is Cfa in the Köppen system, with
mean annual temperature of 19.5°C and mean precipi-
tation of 1,850 mm yr-1 (BRASIL, 1973). Samples from
conventional (CT) and no-tillage (NT) systems treat-
ments were collected in Santo Ângelo, Rio Grande do
Sul State (28o16’ S, 54o13’ W, approx. 280 m a.s.l.).
The tillage experiment was established in 1979 in a field
that had been under a wheat-soybean rotation
since 1964 (Dalla Rosa, 1981). Samples from an un-
disturbed, forested soil were collected from the near-
est protected area of original forest vegetation (28°12’
S, 54°13’ W) about 15 kilometers from the experi-
mental site. The soil at the Passo Fundo site was a
Typic Haplohumox developed from a mixture of ba-
salt and sandstone and occurs at elevations between
460 and 700 m a.s.l.. The climate is Cfa1, with mean
annual temperature 18°C and mean precipitation of
1,750 mm yr-1. Samples under conventional and no-
tillage systems were collected in Passo Fundo, Rio
Grande do Sul State (28°14’ S and 52°24’ W) in an
experiment established in 1983 (Kochham &
Denardim, 1997). Soils under native vegetation were
sampled in a forested reserve on the experimental sta-
tion within 0.5 km of the experimental site.
 In each of both sites, three samples of treat-
ment NT and CT were randomly collected in the ex-
perimental field, and the three samples from native
vegetation (NV) were also randomly collected in for-
ests. Care was taken to keep similar distances among
collecting points in the experimental field and in the
forests (5 to 10 m).  In this study, NT, CT and NV were
refered to as “land uses”. Samples from 0 to 5 and
from 10 to 15 cm depth were collected from small pits
about 0.3 ? 0.3 ? 0.20 m depth and samples from 40-
60 cm depth were collected using a bucket auger. Air-
dried samples were gently crushed and passed through
a 2 mm sieve (fine earth fraction). The three field rep-
lications of each land use from each site were com-
bined, thoroughly mixed, and then stored in sealed plas-
tic bags. Therefore, lab analyses were performed on
one composite sample from each of the three depths,
three land uses and two soils, summing up eighteen
samples.
Organic carbon was determined by digestion
in K
2
Cr
2
O
7
 and titration with Fe(NH
4
)
2
(SO
4
)
2
.6H
2
O and
particle size distribution was determined by the pipette
method after dispersion with 6% NaOH (EMBRAPA,
1997). Both analyses were performed twice for each
composite sample.
Both WDC and aggregate stability of the com-
posite samples were made three times (three runs) by
the standard method for WDC determination (USDA,
1996). Shortly, five 10 g aliquots of fine earth wereFigure 1 - Location of sampling sites.
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weighed and placed into 250 mL plastic bottles. The
bottles were filled with 175 mL of deionized (DI) wa-
ter and shaken (120 excursions per minute, 4 cm hori-
zontal displacement) for 0, 3.75, 7.5, 15 and 27 hours
(one aliquot for each time period). The suspensions
were then poured through a nest of five sieves of 1000
?m, 500 ?m, 250 ?m, 106 ?m and 53 ?m. Disaggre-
gated clay and silt were gently washed from the soil
on the sieves with DI water and collected in 1 L cyl-
inders for WDC determination. The soil material re-
tained on the sieves was dried at 110° for 24 hours and
weighed. Soil material that passed through the nest of
sieves was collected in one liter cylinders and re-sus-
pended for WDC measurement by the pipet method
(USDA, 1996). Slacking was assumed to be negligible,
since samples submitted only to rapid wetting were al-
most entirely aggregated (0 h shaking time on Figures
2 and 3, sum of aggregates).
The mass of  aggregates in each size class, A
i
,
was calculated by:
A
i
= (B
i
– C
i
) * 100/ D,  (1)
where B
i
 is the dry mass of soil material in size class
i, C
i
 is the dry mass of sand in size class i and D is the
initial oven-dry mass of soil. C
i
 was the average of
three previous determinations of sand content in each
composite sample. Sand was subtracted from the nu-
merator of equation [1] to avoid counting individual
sand grains as aggregates. For brevity, we use the term
“aggregates” to refer to Ai, , and “sample” for the com-
posite sample, in the discussion that follows.
The distribution of aggregates was analyzed as
a split plot design with three treatments (NT, CT, NV)
with three blocks (each one of the three runs) repli-
cated over time. Data for each soil type, depth and size
class were analyzed separately. Shaking time was con-
sidered the whole unit and land use the sub unit of
the split plot experiment. For the  percent soil mass
data, a square root transformation was performed
prior to analysis of variance in order to achieve ho-
mogeneity of error variance. Error (a) was pooled
with error (b) because it was not significant (P =
0.25) in the majority of cases. Time and land use ver-
sus time effects were partitioned into orthogonal poly-
nomial contrasts. Regressions on the means of the
dependent variables as a function of land use and time
was followed by the analysis of variance (ANOVA)
with the regression model determined by the signifi-
cant treatment effects and contrasts.  Comparison
among regressions models of disaggregation from
each land use (along shaking times) through ANOVA
is shown in Table 2.
RESULTS AND DISCUSSION
Because sand content was subtracted from the
mass of soil material retained in each size class (equa-
tion [1]), the sandier Typic Haplohumox (Table 1) had
fewer soil aggregates in each size class than the Typic
Haplorthox.
Prior to shaking (0 h shaking time; Figures 2
and 3), from 73 to 91% of the Typic Haplorthox and
from 54 to 69% of the Typic Haplohumox occurred
in aggregates. With only two exceptions, regressed dis-
aggregation models were different (P = 0.01) among
the three land uses for the 0-5 and 5-10 cm sampling
depths, but land use had less effect on disagregation
models for the 40-60 cm depth (Table 2).
Some common behavior could be observed in
both soils (Figures 2 and 3): there were very few 106-
Table 1 - Basic sample characterization of the Typic Haplorthox and Typic Haplohumox soils (average 2 replications).
O.C. = Organic Carbon; NT=no-tillage; CT=conventional tillage; NV=native vegetation
ytreporplioS )mc(htpeD
xohtrolpaHcipyT xomuholpaHcipyT
TN TC VN TN TC VN
gkg(yalC 1- ) 5-0 0.096 0.395 6.786 0.304 0.725 0.734
51-01 7.666 3.316 8.336 0.005 0.705 0.094
06-04 0.357 0.767 0.396 0.036 0.046 0.095
gkg(dnaS 1- ) 5-0 6.93 7.24 0.66 0.013 0.603 0.992
51-01 9.83 3.14 0.36 0.503 1.682 1.992
06-04 7.82 8.72 2.65 2.422 7.302 6.702
gkg(.C.O 1- ) 5-0 33.0 82.0 75.0 13.0 42.0 43.0
51-01 52.0 72.0 63.0 32.0 42.0 42.0
06-04 81.0 81.0 81.0 02.0 81.0 91.0
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elpmaS )mm(ssalCeziS
)mc(htpeD
5-0 51-01 06-04
xohtrolpaHcipyT 000,1-000,2 0000.0< 0000.0< 0564.0
005-000,1 0000.0< 0000.0< 0000.0<
052-005 4384.0 0000.0< 0000.0<
601-052 0000.0< 0000.0< 0564.0
35-601 0000.0< 0000.0< 0000.0<
xomuholpaHcipyT 000,1-000,2 0000.0< 0000.0< 0074.0
005-000,1 0000.0< 0000.0< 8022.0
052-005 0000.0< 0000.0< 0000.0<
601-052 0000.0< 0000.0< 0310.0
35-601 4310.0 0000.0< 0000.0<
Table 2 - Analysis of variance among the regression models for disaggregation curves from the three land uses. (P values).
53 ?m and 250-105 ?m aggregates in soil under na-
tive vegetation at 0-5 cm and 10-15 cm depths; ag-
gregates larger than 500 ?m in diameter dominated both
at 0-5 cm and 10-15 cm depths, but at 40-60 cm
depth, aggregates 2,000 - 1,000 ?m in diameter were
the least abundant; and although the stacking order of
curves in a single graph changed depending on size
class and depth, it was noted that curve shapes were,
in general, similar for each size class.
There was a small release of WDC upon ini-
tial wetting (0h shaking) in all samples, supporting the
assumption that slacking was not a significant disag-
gregation process under the experimental conditions.
The largest aggregates (2000-1000 ?m and
1000-500 ?m) broke down quickly within the first 7.5
hours of shaking, but the mass of smaller aggregates
did not increase concurrently, which showed that such
aggregates were mainly broken into primary soil par-
ticles and not to small aggregates (Figures 2 and 3).
Therefore these soils did not have aggregate hierarchy
(Oades & Waters, 1991). Since WDC increased as ag-
gregates larger than 500 ?m disaggregated, without
change in pH suspensions, disaggregation appears to
be the main mechanism of WDC production.
The lack of aggregate hierarchy allows the de-
scription of disaggregation by a first order process
model (Beare & Bruce, 1993; Parkin & Robinson,
1992; Olson, 1963):
A
i,t
 = A
i,0
 * e-kt  (2)
where A
i,t
 is the mass of aggregates in size class i at
time t, A
i,0
 is the mass of aggregates at time 0, and k
is a curvature parameter. This model does not account
for additions of aggregates to sieve i, produced by the
disaggregation of aggregates in the sieve i+1 above it,
and so can only be used in soils with no aggregate hi-
erarchy. The curvature parameter (k) was assumed as
disaggregation rate index, and the greater its absolute
value, the smaller the aggregate stability. No recogniz-
able pattern was found when organizing the k values
according to land use. However, when the range of
variantion of k was plotted according to aggregate size
class, a reasonably clear trend appeared (Figures 4 and
5), indicating that k values were clustered around suc-
cessively larger values as size class increases. This
suggests that land use had more impact on the amount
of soil material in each size class (aggregate distribu-
tion, Figures 2 and 3) than on aggregate stability.
The effect of land use on the k values can
be inferred from the dispersion of values at each
depth and size class (points along each line on Fig-
ures 4 and 5). Although not dominant, the effect of
land use is greatest (larger range) in size classes larger
than 500 ?m and in surface horizons (Figures 4 and
5). This is in agreement with the aggregation model
suggested by Oades & Waters (1991), in which large
aggregates are more dependent of fungal hyphae and
fine roots, and therefore on land use, while the small
aggregates depends more on soil colloidal properties
and chemistry.
Considering that the release of WDC was
closely related to the disaggregation of aggregates
larger than 500 ?m, that the conventional and no-till-
age systems promoted a decrease in the amount of
large aggregates, and that there is no aggregate hier-
archy, a considerable amount of clay can potentially
be lost during the change from forest to agricultural
land use. In all cases, maintenance of large aggregates
is, according to these results, essential to avoid an in-
crease in WDC. Adding to this, complexes of clay min-
erals and organic colloids, which increase the potencial
for dispersion, should be greater in the surface hori-
zons (Tombácz et al., 2004).
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Figure 2 - Disagreggation curves and  water dispersible clay (WDC) for the Typic Haplorthox, for depths 0-5; 10-15; 40-60 cm.
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Figure 3 - Disagreggation curves and water dispersible clay (WDC) for the Typic Haplohumox, for depths 0-5; 10-15; 40-60 cm.
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